The most commonly used escalation methods in dose-finding studies have obvious weaknesses, and the Bayesian approach is difficult for clinicians to understand and to apply. The study aims were to introduce and assess the performance of clinically based response surface pathway (RSP) design for dose-finding studies, exemplified by one between-patient study, one within-patient study, and simulation studies. Methods: The between-patient study consisted of 15 women suffering from stage IV breast cancer, while the within-patient study consisted of seven female dogs with metastatic mammary cancer. The studies were conducted to determine the maximum tolerated dose (MTD) of a new anticancer agent named BP-C1 using three-level RSP designs. Adjustment of the dose from one design level to the next was based on a k-adjustment factor estimated to ensure coverage of the entire predefined dose window. Patient sequences with an equal number of patients as design levels were included in the between-patient design, whereas the same patients were included in all the design levels in the within-patient design. Results: Four of the five patient sequences in the between-patient study and all seven dogs in the within-patient study reached the upper limit of the dose windows without any increase in toxicity. The MTD of BP-C1 was thus found to be higher than the predefined cumulative dose window for both patient groups. In all three scenarios, the RSP design estimated MTDs better than the traditional 3+3 design; however, the toxicity rates were found to be higher when the target MTD was under the starting dose. Conclusion: The RSP designs do not need an assumed statistical model, and may be useful in estimating MTD, using a minimal sample size. The k-adjustment factor ensures complete dose window coverage and the design utilizes more information by allowing multinomial outcomes.
Background
Development of Phase I trial methodology in the oncology field has to take into account aspects such as safety, ethics, and efficiency. 1 The majority of patients enrolled in this phase have unsuccessfully undergone treatment using the available standard treatments, and are in an advanced stage of cancer. 2 For safety and ethical reasons, the designs to be used for such studies must include the lowest possible number of patients. Additionally, study designs should minimize the number of patients receiving doses resulting in undesirable toxic events whilst maximizing the number of patients to be treated with doses closest to the maximum tolerated dose (MTD). In general, doseresponse Phase I studies are conducted sequentially, allocating dose levels to patients based on the observed toxicity effect from previous patients or treatment periods.
Several statistically based models have been proposed for designing Phase I oncology trials. 3 This type of design aims at identifying a dose level, which yields a prespecified probability of dose-limiting toxicity by using all toxicity information accumulated during the trial to compute a more precise dose-toxicity curve. 3 These methods were developed in order to shorten the duration of Phase I trials and to determine a more precise dose for Phase II trials. 4 The majority of these designs use the Bayesian model, which requires an initial prior distribution of the parameter in question. The design allows escalation, with the probability of obtaining a doselimiting toxicity being updated for each new patient entering the study at any dose level, until a prespecified condition is attained. The trial ends once the prespecified condition has been reached. The continual reassessment method, 5 the escalation with overdose control, 6 and the accelerated biased-coin design with isotonic regression estimator 7 are some of the designs that use this approach. However, clinicians usually avoid these approaches because of the advanced statistical methodology. Rule-based designs, such as the traditional 3+3 design 8 and its extensions -the A + B design 9 and group up-and-down design -do not specify any modeling of the dose-toxicity curve. 10 These designs are developed within the classical assumption for cytotoxic drugs that toxicity increases with dose. In estimating the MTD, the traditional design uses neither mathematical function nor hypothesized relationship curves between the incidence of toxicity and dose. Clinicians prefer this design because its implementation and interpretation are relatively easy. However, ethical concerns have arisen regarding the possibility of involving an excessive number of escalation steps and the inclusion of a high number of patients being treated at potentially biologically inactive dose levels. 5, 11 Furthermore, the likelihood of discontinuing at an incorrect level is greater than is commonly assumed. 12 Toxicity response levels in the oncology field are typically multinomial and expressed in grades. The common approach, when assigning doses to the next patients, is to reduce the multinomial toxicity response into a binary variable. Although this method is practical, some useful information might be lost. The degree of toxicity will better reflect the dose response and will obviously increase the information of the toxicity profile. The possibility of using multinomial toxicity outcome, when the target dose was defined in different toxicity grades, has been described. 10, [13] [14] [15] The philosophy behind the up-and-down designs [16] [17] [18] and response surface methodology 19 was used as the basic concept in the development of response surface pathway (RSP) design. 20 The aim was to develop a design that would reduce the number of laboratory animals for the estimation of toxic levels and dose-response curves, but which would not lead to loss of information. A laboratory-animal study was conducted with the basic concept of RSP design 21 and developed by simulation of these data. The strength of the RSP design was verified in another laboratory study that aimed to estimate the toxicity dose-response of a new toxin. The RSP design consists of n-levels, in which the results obtained on one design level give the dose to be used on the next. The demands on the RSP design were to cover the predefined dose window, to include a procedure for escalation and de-escalation of the dose between design levels, to use multinomial outcome, to ensure a rapid dose adjustment toward the area of interest, and to use most of the subjects at the highest design level. The RSP design was developed for toxicity study in laboratory animals, but might fit in common Phase I dose-finding studies.
The RSP design does not require any prior probability distribution. The procedure for escalating and de-escalating is based purely on patient outcomes and the demand for covering the predefined dose window. In cases in which the same patient is used in all the steps or design levels, the design is to be classified as a Markov chain. 22 If only one patient can participate at a single design level, it is necessary to create patient sequences, where each sequence consists of a number of patients equal to the number of levels in the design. In this situation, the dose to be used for one patient in the sequence is based on the results obtained from the previous patient in the same sequence.
The aims of the present paper are to introduce and assess the performance of clinically based RSP design for dosefinding studies. The application of the RSP design was exemplified by data from one between-patient study in women and one within-patient study in dogs, and its performance was assessed using simulations.
Methods Material
The between-patient study material consisted of 15 women with stage IV breast cancer with a mean duration of disease of 5.2 years. 23 The patients were recruited in five sequences of three patients from three different hospitals. The aim of this study was to estimate the MTD of a new anticancer agent BP-C1. This is an innovative anticancer agent that contains benzene-poly-carboxylic acid complex with cis-Diammineplatinum (II) dichloride, 24 and which was developed to establish a low toxic and cost-effective treatment of breast cancer. The treatment was given intramuscularly with one 
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n-level between-and within-patient RSP design injection every day over a period of 32 days. The outcome variable was toxicity increase from baseline to 32 days of treatment, recorded by using the National Cancer Institute Common Toxicity Criteria. 25 This gave the following four possible outcomes: 1) no to mild increase; 2) moderate increase; 3) severe increase; and 4) life-threatening increase ( Table 1 ). The study was approved by the ethics committees in the three participating countries, Indonesia, Thailand, and Taiwan, while all the patients gave their written consent for participation.
The within-patient study material consisted of seven privately owned female dogs of different breeds, diagnosed with inoperable or metastatic mammary cancer. They were recruited and treated at the Department of Companion Animal Clinical Science at the Faculty of Veterinary Medicine and Biosciences, Norwegian University of Life Sciences. 26 The mean disease duration was 21.2 months. The aim of this study was to estimate the cumulative MTD of BP-C1 in dogs. A daily subcutaneous injection was given to the dogs for three periods of 7 days, with 7-day rest periods between the treatment periods. The outcome variable was toxicity increase from baseline to 7 days of treatment, recorded using the Common Terminology Criteria for adverse events following chemotherapy in dogs and cats, 27 giving a similar outcome as that described for the National Cancer Institute Common Toxicity Criteria. The study was approved by the ethics committee at the Faculty of Veterinary Medicine and Biosciences, Norwegian University of Life Sciences, while all dog owners gave their written consent for participation.
Between-patient response surface pathway design
In the between-patient RSP design, the patients included were allocated into groups of three; the same number as the number of levels in the design. The first patient in each group was included at the first design level, the next at the second design level, and the last at the third design level. These groups defined the study sequences. Within each study sequence, the outcome from the patient at the first design level determined the dose to be used for the patient at the second design level. Similarly, the outcome from this patient determined the dose to be used for the third patient at the last design level. In general, the between-patient RSP design consisted of n levels and r independent patient sequences. Each sequence contained the same number of patients as the number of levels in the design. The first patient allocated to a sequence was given a predefined starting dose ( Figure 1 ). The outcome for this patient determined the dose for the second patient in the sequence. The outcome for the patient at design level i (1# i# n) determined the dose to be used for the patient at the next design level: i+1. Each patient sequence was developed as a random walk and describes a pathway in the design. The outcome variable X is multinomial. If the number of outcomes is denoted as 2c, the number of different sequences or pathways will be (2c) n-1 . Of these possible 2c outcomes, c indicates an escalation, and the remaining c outcomes indicate a de-escalation, of the dose to the next patient in the sequence.
The dose window is defined as D U = the highest and D L = the lowest predefined dose of the trial medication. It may be convenient to use the mid dose in the predefined dose window as the starting dose, denoted as m. In order to ensure coverage of the dose window, a dose adjustment procedure is established.
dose adjustment procedure
Let m i denote the dose at design level i, and let k denote the dose adjustment factor. The dose at dose level i is given by the equation:
The largest possible dose obtained at design level n will then be:
With known starting dose m and design level n, the k-adjustment factor can be calculated by using the formula for the sum of a geometric series. 28 The upper dose D U of the window on the last design level n will be given by:
The adjustment k-factor will be used to calculate the dose for the next dose level. Hence, the adjustment k-factor will allow the design to establish the desired dose within the dose window. In the between-patient study presented in this paper, a (n=3)-level RSP design was used with a predefined window of BP-C1 as D L =0.16 mg/kg of body weight (BW) and n-level between-and within-patient RSP design D U =1.12 mg/kg BW. By using the midpoint strategy, the starting dose m=0.64 mg/kg BW was obtained. The k-adjustment factor was calculated from Equation 4 and gave k as: (5) escalation and de-escalation procedure Let the outcome variable X have a sample space {1, 2, … 2c}. Let i represent the new design level, j the outcome from the previous dose level i-1, and h the outcome that results in dose level i-1. For calculation of the second dose level, h≡1 per definition, then for design level i$2, the dose will be given as:
If the outcome is an unequal number (2c+1), then the median outcome will be c+1. This means that the first c outcome indicates a dose escalation, and the last c indicates a dose de-escalation. The outcome c+1 may, therefore, result in an unchanged dose from the previous, whilst Equations 6-9 will be used for calculation of the remaining 2c doses. In the present between-patient study, the outcome was an equal number, with 2c=4 and a k-adjustment factor of k=2, as calculated previously (Figure 1 ). In accordance with Equations 6 and 7, the doses for the second level are as follows: Within-patient response surface pathway design
As previously described for the between-patient RSP design, the within-patient RSP design consists of n levels. However, in this situation, the same patient was included at all the n-levels. Consequently, the patient sequence in this design consisted of one single patient. The patients were given the same predefined starting dose. The dose to be used at the second level for the same patient was determined by the patient outcome ( Figure 1 ). In general, the patient outcome at design level i (1# i# n) determined the dose to be used for the same patient at the next design level i+1. The further descriptions and definition of symbols are the same in both the within-and the between-patient RSP designs.
In the within-patient study presented in this paper, a (n=3)-level RSP design was used with a predefined window of BP-C1 as D L =0.07 mg/kg BW and D U =0.46 mg/kg BW. By using the midpoint strategy, the starting dose m=0.26 mg/kg BW was obtained. The k-adjustment factor was calculated from Equation 4 and gave k as:
In the present within-patient study, the outcome (2c=4) is an equal number, similar to the between-patient example. If the outcome at the first level is h=2= moderate, the doses on the third level ( Figure 1 MTd MTD is defined as the highest dose that has a probability #1/3 of leading to severe and/or life-threatening toxicity.
Statistical analysis
The sample space of the dose in the present studies may be expressed as: Let µ be the MTD and assume µ is contained in Ω D . The recorded degree of toxicity is ordinal and the probability of severe toxicity monotonically increases over the dose levels. Isotonic regression for multinomial outcome is the suggested model for analyzing the material. 29 The selected probability of declining acceptability of toxicity grade for quantile estimation was set to τ=(0.95, 0.50, 0.30, 0.05) for the grades mild, moderate, severe, and life-threatening, respectively. In the three scenarios using RSP design, the MTDs were estimated using isotonic regression with binary outcome. [30] [31] [32] The MTDs for both between-and within-patient studies were also estimated using isotonic regression.
Simulation study
Three scenarios were created based on data where the dose window was set arbitrarily to be from 100 to 700. The MTD was estimated using between-patient RSP design and traditional 3+3 design. 4 The increment of doses for the traditional 3+3 design was set to be 100, 250, 400, 550, and 700. One hundred simulations were performed for every design for each scenario. The MTD in the simulations is defined as the dose where the probability to obtain severe and/or life threatening adverse events is less than or equal to 0.33. The regression models were used in order to provide the probability of obtaining toxicity for every dose. A common slope β for the dose, and coefficients of regression α1, α2, and α3, were used to predict the cumulative probability in the scenarios. The coefficients α1, α2, and α3 represent the parameters that are used to predict the probability of obtaining adverse events that are higher or equal to moderate, higher or equal to severe, and higher or equal than life-threatening for every assigned dose, respectively. In these simulations, the probabilities of obtaining mild and no adverse events were merged.
Scenario 1
Scenario 1 was based on a model where β=0.00249024, α1=1.4319236, α2=-1.3327211, and α3=-3.3495348 were implemented. In this scenario, the target MTD was set equal to 250.
Scenario 2
Scenario 2 was based on a model where β=0.0029917, α1=0.4666749, α2=-1.8898425, and α3=-3.9113343 were implemented. In this scenario, the target MTD was set equal to 400.
Scenario 3
Scenario 3 was based on a model where β=0.00281718, α1=-0.554871, α2=-2.2568783, and α3=-4.0975592 were implemented. In this scenario, the target MTD was set equal to 550.
Results
Between-patient study
The first patients in each of the five patient sequences were given a cumulative dose of 0.64 mg/kg BW. Of these, three patients had unchanged toxicity levels, one reported a mild increase, and the final patient displayed a moderate increase in toxicity. This resulted in a cumulative dose of 0.96 mg/kg BW for the second patients in these four sequences (Figure 2) . One patient had a mild toxicity increase, whilst the remaining three were unchanged from the second design level. Consequently, the patients at the third design level in each of these four sequences were assigned the maximum cumulative dose of 1.12 mg/kg BW. No increase in toxicity was reported by these patients.
In the last patient sequence, the first patient treated with the starting dose of 0.64 mg/kg BW reported a moderate toxicity increase ( Figure 2 ). This resulted in a cumulative dose of 0.80 mg/kg BW for the patient at the second design level. No toxicity increase was detected. This resulted in the following patient at the third design level receiving a cumulative dose of 0.88 mg/kg BW. No toxicity increase was reported for this patient. The MTD was estimated to be 1.12 mg/kg BW with 95% confidence interval: 1.059-1.194 mg/kg BW, and the quantile estimation obtained for the ordinal response based on the selected probabilities was 1.12 mg/kg BW for all grades. These results indicate that the MTD of BP-C1 in humans suffering from stage IV breast cancer is probably above the upper limit of the predefined cumulative dose window.
Within-patient study
All seven dogs included in the study were given a cumulative dose of 0.26 mg/kg BW at the first design level. No change in toxicity was detected in four of the dogs, while a mild increase was recorded in the remaining three ( Figure 3 ). All seven dogs were given 0.39 mg/kg BW at the second design level, in which six were found unchanged and one with reduced toxicity. In accordance with the design, all seven dogs were given the upper limit of the cumulative dose window at the third design level. No increase in toxicity was detected in any of the dogs (Figure 3) . The MTD is estimated to be 0.46 mg/kg BW, and the quantile estimation obtained for the ordinal response based on the selected probabilities is 0.46 mg/kg BW for all grades. These results indicate that the MTD of BP-C1 in dogs with mammary cancer is probably above the upper limit of the predefined cumulative dose window. 
Simulation results
In all the three scenarios, the RSP design estimated MTDs better than the traditional 3+3 design ( Table 2 ). The 3+3 design estimated MTD at one step lower than the targeted value. However, the median number of patients with toxicity grade 3 and/or 4 was higher in the RSP design compared to the traditional 3+3 design. The median percent of patients treated above the estimated MTD was found to be higher in the RSP design in two scenarios, but was found lower in the third scenario.
Discussion
In the between-patient designed study, four of the five patient sequences reached the upper limit of the predefined window at the third design level. The same pattern was also detected in the within-patient designed study, in which all the dogs reached the upper limit of the dose window. Due to the fact that severe toxicity was not obtained in either of the two studies, the suggested and recommended isotonic regression could not be performed accurately. However, these results indicate that the upper limit in the predefined dose window was too low and that the MTD is above the upper limit for both humans and dogs. These two examples demonstrate that the RSP design reaches the area of interest rapidly by using a small number of patients. The between-patient-design study consisted of five patients at each dose level, whereas a total of seven dogs were included in the within-patient-design study. This could have been reduced to three patient sequences in the between-patient study and three dogs in the within-patient study. However, this would have weakened the estimate of the parameter in question.
In the 3+3 design, the procedure for dose escalation is commonly said to be based on the modified Fibonacci sequences. 3 However, the modification used in the dose adjustment sequence is often not completely described and almost never cited as the source of the scheme. 33 In addition, the modified Fibonacci sequences are usually constructed by the investigator before starting the trial and lacks meaningful attributes. 34 Some rule-based designs do not follow Fibonacci fixed escalation or de-escalation procedures; instead, they use a constant or logarithmic scale escalation. 35 An obvious weakness of these procedures is that they are only based on the starting dose and do not take into account the possibility of a predefined dose window. Consequently, these procedures do not guarantee any coverage of the dose window and might terminate beyond the upper limit of such a predefined window. The procedure to escalate or de-escalate in the RSP design is based on the k-adjustment factor, ensuring that all values within the dose window are covered and that all doses to be included will fall inside the window. The k-adjustment factor depends on the starting dose (m), the upper and lower border in the predefined dose window (D U , D L , respectively), and the number of levels within the design (n). The number of design levels used will influence the width of the step. If the dose window is known to be wide, the number of design levels may be increased. However, when the dose window is narrow, a smaller number of design levels may be sufficient. The number of design levels influences the sample size in a between-patient study. However, this will in turn increase the amount of information obtained. The number of design levels will not influence the number of patients needed for a within-patient RSP design. In turn, the study duration for each patient included will obviously increase and may invalidate the study.
Patients often differ in their reactions to cytotoxic agents at a given dose level. Therefore, using a binary outcome response to determine the dose may be inappropriate as this method ignores the severity of the toxicity. In the RSP design, the toxicity outcome is recorded in a multinomial manner and used to determine the dose for the patient at the next level. This is in accordance with the method described elsewhere. 10, [13] [14] [15] In contrast, the target dose for the next design level in the RSP is not based on the sum of the toxicity rate, but on the actual results obtained from the previous design level. The degree of increase or decrease in toxicity obtained at a given design level is used to determine the dose to be used at the next design level. The dose increase in the case of mild toxicity will be larger, compared to the dose increase in the case of a moderate toxicity increase. Similarly, the decrease in dose for the next design-level will be less in the case of severe increase compared to a life-threatening response.
The chosen starting dose is commonly based on preclinical data, supported by experience with the new agent. When choosing this dose, it is important to make it neither too high nor too low. A too-low starting dose will result in under-treatment of the patient. 36, 37 Similarly, if the chosen dose is too high, the risk of excessive toxicity is increased. The simulation results indicated the limitation of the RSP design when the target MTD was lower than the starting dose, in which more patients experienced toxicities. The RSP design performed better when the target MTD is around the starting dose or higher. The traditional 3+3 design has been criticized for allocating low, possibly suboptimal, doses to a high proportion of patients. The estimation of MTD was made based on the information given by the last three or six patients at each iteration step, which has imprecise correlation with any percentile of the dose-toxicity distribution. 5, 38 Open Access Journal of Clinical Trials downloaded from https://www.dovepress.com/ by 54.70.40.11 on 11-Dec-2018 For personal use only. In the simulations, the traditional design estimated MTDs lower than the targeted MTDs. This is in support with findings from another simulation study that the probability to obtain the dose-limiting toxicity in the traditional design was not equal to 33%, but varied from 18.9% to 29%. 9 Oron and Hoff assumed that the mid-dose range to some extent is likely to be chosen. 39 In cases in which one does not know where to determine the parameter in question in the predefined window, a suggested strategy is to use the mid value of the window as the starting point. In both of the two examples given in the present study, this strategy was the most obvious. In several dose-finding studies, it is commonly recommended to use LD 10 (the dose that was lethal to 10% of animals) or functions based on LD 10 as the starting dose. 1 In the present examples, LD 10 of BP-C1 was estimated to be too high for practical use. The mid-dose was therefore used. Because of the symmetry in the procedure for calculation of the k-adjustment factor in the RSP design, both D U and the lower limit D L of the dose window are covered. If it is known or assumed that the parameter in question is in the upper part of the window, a start value in the upper part may result in a more optimal design pathway and is, therefore, to be recommended. In such a situation, the k-adjustment factor has to be calculated using D U . If it is known or assumed that the parameter in question is in the lower part, a start value in the lower part is to be recommended. The lower limit of the dose window, D L , has to then be used in the calculation of the k-adjustment factor. Due to the concept of geometric series, the formula for calculation is then: 
In cases where prior knowledge is available to detect the parameter in the dose window, a more optimal design pathway may be obtained. By applying 3+3 design on the present observed results, using three or five design levels, and starting with the lower limit of the dose window and equal dose space, only three patients will reach the upper limit of the dose window. The majority of the patients will be allocated to doses in the lower part of the dose window using 3+3 design in this situation.
One limitation of the RSP designs in this study is that the assigned dose for the next patient was based on the outcome obtained from the previous patient in the sequence. It does not take into account the variability from the patients. In the between-patient study, this limitation can be mitigated by increasing the number of participating patients with increasing design levels, using a minimum number of patients at the first level and gradually increasing this at the second level, third level, etc, with the highest at the last design level. In the present example, three patients could be included at the first, five at the second, and seven at the third design level. This strategy would increase the amount of information since more patients would be allocated at the third design level, at which data could be assumed to be closest to the parameter in question. In this case, a randomization procedure could be applied to the assigned dose for the next design level. However, the use of patient sequences would have to be dropped. The doses for the second design level would be determined by the three patients at the first design level. Assuming a 1 represents patients at the first design level indicating a dose A 1 , a 2 determines the dose A 2 , and a 3 determines the dose A 3 for the second design level. In general, the randomization would be performed based on a 1 :a 2 :a 3 . If the indicated doses were equal, all the five patients included at the second design level would be given the same dose (A 1 =A 2 =A 3 ). If two doses were equal, ie, a 1 =2 and a 2 =1, then the randomization would be (2a 1 :a 2 ). Theoretically, twothirds of the five patients included at the second design level would receive dose A 1 and one-third of the five patients would receive dose A 2 . The same procedure would be performed for the next seven patients at design level 3. Let b 1 represent patients at the second design level determining the dose B 1 , b 2 the dose B 2 , b 3 the dose B 3 , b 4 the dose B 4 , and b 5 the dose B 5 . In general, the randomization of the seven patients for the third design level would be performed (b 1 5 ). If the determined doses were equal, all seven patients included at the third design level would be given the same dose. By using the material obtained from the between-patient example and allocating three patients at the first design level, five at the second, and seven at the third, five patients would receive a cumulative dose of 0.96 mg/kg BW at the second design level. By simulation, six patients would have been allocated to the upper limit of 1.12 mg/kg BW and one patient to 1.04 mg/kg BW at the third design level. Altogether, 12 of the included 15 patients would have received a cumulative dose equal to or larger than the estimated minimum efficient dose. An increase of the sample size with increasing design levels increases the power of the between-patient RSP design. In the simulation studies, it was shown that when the target MTD was lower than the starting dose, the number of patients treated on the dose higher than the estimated MTD was very large. This kind of strategy could be beneficial in reducing the number of over-treated patients. However, the disadvantage with such an addition is related to the difficulties of application in multicenter studies. Additionally, it is more time consuming, 
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n-level between-and within-patient RSP design because allocation of the dose for the next design level can only be performed when all of the information from the previous design levels has been collected.
Most of the new designs are heavily influenced by advanced statistical methods, with which average medical doctors and researchers are not familiar. The introduction of more statistically based designs in the area has obviously increased the level of information, but at the same time made it more difficult to understand. The RSP design is based more on a clinical way of thinking in which the results obtained from one patient determine what to do with the next or the same patient in the next treatment period. In contrast to most of the commonly used designs in dose-finding studies, the RSP design provides an approach for investigating the dosetoxicity relationship throughout the dose window, but the MTD is identified using a statistical analysis, which is not tied to the design. Due to the outline of the design, it is possible to obtain information on MTD without using statistical analysis. By visual inspection of the obtained pattern, together with the commonly used definition of MTD, it is possible to determine the dose. However, statistical analysis of the results is to be recommended. Quantile estimation for ordinal response should be worthwhile to investigators in understanding the toxic properties of the drug for upcoming decisions. The nonparametric modified isotonic regression for multinomial outcome might be the optimal method and is recommended for small samples. 29 This method assumes the probability of toxicity to be nondecreasing over the set of possible dosages. The proportional odds model can also be employed to express the dose relationship for ordinal data. The maximum likelihood estimate (MLE) can be used to achieve the MLE of the quantile, however, in small samples, the MLE usually fails. 40 Nevertheless, when the MTD should be determined as a formal single number, the isotonic regression with binomial outcome is the suggested method for analysis. 30, 31 By this, MTD is defined as the dose corresponding with dose-limiting toxicity (the severe and life-threatening adverse events), which is set by the investigator.
The two studies described above are only used to exemplify how these two RSP designs performed in real studies. The between-and within-patient RSP designs could be applied in dose-finding studies both in human and veterinary medicine. In a rare disease or in a situation where the number of cases is limited, the within-patient RSP design is a better choice. In the within-patient RSP design, the sequences in the design used the same patients, which means that the variability between patients can be eliminated. However, the number of patients assigned to design level 2 or higher may be reduced if patients drop out from the study. Patients can withdraw from the study or experience unresolved serious and/or life-threatening adverse events. Moreover, when using the within-patient design, the investigators need to consider the carryover effects of treatments across design levels, 41 which could potentially alter the results obtained in the next design level. A washout period between design levels would be sufficient to prevent the carryover effects. 41 The RSP philosophy may be used in several situations, not only in dose finding. In a clinical trial, patient examination is planned to be at predefined time intervals. In general, the goal is to perform the patient examinations at a time that will provide optimal information. The predetermined interval strategy will not meet that goal for all patients. Examination of a given patient will create additional information regarding the development of the disease in question. The time for examination may be used as a random variable instead of a fixed time based on an educated guess.
Conclusion
The RSP design is based on clinical philosophy, is easy to apply, and may be useful in estimating MTD. The obtained pathway is a result of random walk and the design does not need an assumed statistical model. The k-adjustment factor ensures complete dose-window coverage and the design utilizes more information by allowing multinomial outcomes. The Open Access Journal of Clinical Trials is an international, peerreviewed, open access journal publishing original research, reports, editorials, reviews and commentaries on all aspects of clinical trial design, management, legal, ethical and regulatory issues, case record form design, data collection, quality assurance and data auditing methodologies. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors. 
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